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Abstract 
Executive function plays an important role in the development of goal-oriented abilities, which 
can determine the degree to which children can succeed in various endeavors throughout their 
lives (Brocki & Bohlin, 2004; Wiebe et al., 2011). Temperament has been shown to have an 
effect on executive function in previous studies (Rothbart & Bates, 2006), as has vagal tone 
(Hansen, Johnsen, & Thayer, 2003). This experiment examined the effect of temperament on 
executive function in children, while including a measure of RSA at baseline as a potential 
mediating factor. This study found that though baseline RSA accounted for a significant amount 
of the relation between temperamental reactivity and executive function, ethnicity accounted for 
a large portion of the remaining variance, and African American children tended to score lower 
on the executive function tasks but higher on RSA and temperamental reactivity. These results 
may be explained by African American children being disproportionately exposed to risky 
environments, since high RSA and temperamental difficultness under unfavorable environmental 
conditions results increase children’s susceptibility to develop poor executive function. In line 
with the differential susceptibility hypothesis, future research on this question may be furthered 
by contrasting groups that reside either at the low or the far end of experiential risk, with the goal 
of examining whether there is an ethnic group for which “for the better or for worse” outcomes 
work best. 
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Researchers have long been examining the mechanisms that affect executive function in 
children, as it is highly associated with social and academic success later in their lives. Executive 
function plays an important role in the development of prosperous outcomes, including 
compliance (Kochanska, Coy, & Murray, 2001), moral conscience (Kochanska, Murray, & Coy, 
1997), empathy/sympathy (Murphy, et. al., 1999), prosocial behavior (Eisenberg, et. al. 1997), 
and social competence (Caspi, 2000; Lemery, Essex, & Snider, 2002). Most importantly, 
executive function allows for the development of goal-oriented abilities, which can determine the 
degree to which children can succeed in various endeavors throughout their lives (Brocki & 
Bohlin, 2004; Wiebe et al., 2011). Executive function is often thought of as the primary means 
through which self-regulation occurs (Zelazo & Mueller, 2002) along with cognitive control 
(Wiebe et al., 2011). The present study aims to examine the extent to which temperament may 
curb or promote executive function in toddlers, and whether physiological regulation mediates 
this effect. 
Executive Function. There is a reasonable consensus in the literature that executive 
function consists of a cluster of capacities that include working memory, the ability to inhibit 
behavioral responses, and attention flexibility (Fuster, 2002). Working memory is usually 
associated with Baddeley’s model (Baddeley, 1986), featuring a ‘central executive’ that 
manipulates information held in one of two storage buffers: the phonological loop, which stores 
auditory information, and the visuo-spatial sketchpad.  Based on studies that examine the effect 
of legions on the pre-frontal cortex, where the executive function is thought to operate, 
researchers have determined that this area of the brain affects goal-oriented behaviors (Luria, 
1966). 
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 Phineas Gage is a classic example of how severe damage to the pre-frontal cortex can 
disrupt goal-oriented processes and other self-regulatory behaviors associated with executive 
function. While working on a railroad, an explosion drove a large iron rod through Gage’s 
frontal lobe, which changed his personality, temperament, and reduced his ability to self-regulate 
impulses. This is an extreme example, however, and much ground has been covered to determine 
the more subtle ways executive function can be influenced, particularly within a child’s external 
environment. 
Questions regarding the development of executive function has focused for the most part 
on children, as studies performed on adolescents and adults suggest that this function is best 
characterized by its tripartite components of working memory, inhibitory control, and attention 
flexibility (Huizinga, Dolan, van der Molen, 2006; Lehto, Juujärvi, Kooistra, & Pulkkinen, 2003; 
van der Sluis, de Jong, & van der Leij, 2007). Studies with children younger than six years of 
age, on the other hand, suggest that these components may not be as differentiated as clearly as 
they are among adults (Wiebe et al., 2011). This is also consistent with the observed 
development of the prefrontal cortex, which undergoes a significant increase in volume between 
ages five and seven (Sowell et al., 1999), while synaptogenesis of the prefrontal cortex reaches 
its maximum around four years of age (Huttenlocher & Dabholkar, 1997). Thus the development 
of executive functions from these homogeneous, fluid categories in children to differentiated 
abilities by early adulthood may reflect the complementary development of the structure and 
function of the prefrontal cortex that also happens during this time (Wiebe et al., 2008). Since 
executive function in pre-schoolers is still malleable and has not yet differentiated into the 
categories observed in older youths and adults, children of these ages are prime subjects for 
studies examining factors that can improve or impair executive function’s development.  
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Temperamental Reactivity. Currently there is considerable effort in the scientific 
community to better understand the developmental origins of executive functions, including 
factors that may either promote its organization or curb it. One of these areas is temperament, 
which can be broadly defined to refer to individual differences in reactivity and self-regulation, 
both of which are assumed to have a somewhat enduring biological basis (Rothbart & Bates, 
2006). Reactivity includes a wide range of reactions, such as motor, affective, attentional, and 
physiological reactions (Rothbart & Derryberry, 1981). Self-regulation refers to neural and 
behavioral processes (executive function) that serve to moderate the underlying reactivity 
(Rothbart & Bates, 2006; Rothbart & Derryberry, 1981).  
Rothbart (1989) identified three basic factors in tandem with temperament: positive 
reactivity (surgency), negative reactivity (anger, fear, sadness), and effortful control (voluntary 
control, of positive or negative reactivity). In terms of development, the child is initially mostly 
reactive, but over time self-regulatory capacities emerge, which then impose regulation on this 
primary reactivity. In her study, Rothbart defined effortful control as “the ability to inhibit a 
dominant response to perform a subdominant response, to detect errors, and to engage in 
planning” (Rothbart & Rueda, 2005). It is now recognized, however, that effortful control and 
executive function, with the exception perhaps of working memory, are conceptually more 
similar than different and tap into the same phenomena (Zhou, 2012). Rothbart also notes that 
children do not always start out with the same levels of internal reactivity, allowing for marked 
variability across the population.  
This is important for understanding executive function, as its efficacy as a self-regulatory 
system appears to depend on the strength of the initial reactivity that must be regulated (Rothbart 
& Bates, 2006; Rothbart & Rueda, 2005). Furthermore, reactivity to stimuli can be either 
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positive or negative. Negative reactivity is of particular concern for researchers examining 
executive function because it presents a challenge to the development of self-regulation 
(Rothbart & Bates, 2006). Anger and fear are the main two expressions of negative reactivity; 
however fear is related to a good moral conscience in the United States and other western 
countries, and therefore may not hamper executive function scores in the present study 
(Kochanska, 2000). Anger, on the other hand, has been associated with lower scores on both 
effortful control and executive function (Rothbart, 2006; Calkins et. al., 2002). 
Reactivity is manifest at birth and continues to develop and differentiate into other forms 
of negative emotionality through the first year of the child’s life (Posner & Rothbart, 2000). As 
the prefrontal cortex continues to develop toward the end of the child’s first year, the operation 
of the executive attention network begins to become more prominent and so is the acquisition of 
self-regulatory processes. The child uses variations in attentional processes to plan and monitor 
the course of goal-oriented actions, a key marker of operational executive function. Through this 
function, sustained attention also becomes self-regulatory (Deng, 2008). Thus, researchers can 
infer that the individual variations in sustained attention toward the end of the first year may 
reflect biological differences that influence developing capacities for executive function (Deng, 
2008). In terms of development, therefore, children begin their lives being mostly reactive, but as 
they progress through the next few years of development, they acquire self-regulatory skills, 
allowing them volitional (effortful) control over their propensity to react to positively or 
negatively arousing stimuli.  
The first self-regulatory skills a child develops to control their initial reactivity involve 
ways to regulate negative emotions, particularly anger, which is achieved by controlling his/her 
approach to pleasant stimuli or avoidance of frightening situations (Rothbart & Bates, 2006). As 
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children age, they acquire more developed forms of self-regulation. They thus become capable of 
voluntarily inhibiting behavior in favor of subdominant responses as they try to advance toward 
an objective, a primary indicator of effective execution function. The success of executive 
function thus depends on the strength of the negative emotional reactivity versus the efficiency 
of the child’s self-regulation (Rothbart & Bates, 2006). 
Vagal Tone. This study will examine the effect of temperament on executive function, 
but will also include vagal tone or baseline respiratory sinus arrhythmia (RSA) as a potential 
mediating factor in this relationship. An increase in behavioral distress, or high reactivity in a 
child, is associated with low heart period and vagal tone. Porges’ polyvagal theory (2007) 
contends that the neurophysiological regulation of the heart plays a key role in the affective, 
attentional, and regulatory capacities that facilitate skills associated with executive function, such 
as engagement. 
In calm states of engagement, the parasympathetic branch of the autonomic nervous 
system uses a vagal “brake,” or inhibitory control, that keeps heart periods (the inverse of heart 
rate, such that a high heart rate has a low heart period) long and vagal tone high (Moore & 
Calkins, 2004). The removal of this brake under challenging situations results in a decrease in 
heart period, an increase in heart rate, and a corresponding reduction in respiratory sinus 
arrhythmia (RSA) amplitude (a frequently used index of vagal tone) (Porges et. al., 1992). These 
challenges can take many forms in young infants, such as stress, which can be assessed 
noninvasively and accurately by measuring their cardiac vagal tone (Porges, 1992). A study by 
Huffman et. al. (1998) looked at the relationship between temperament in infants at 12 weeks of 
age and their cardiac vagal tone, which was measured by the amplitude of RSA. During 
challenges that were either social or attentional in nature, researchers found that infants who 
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scored highly in measures of baseline cardiac vagal tone were less disrupted by the procedures 
and displayed fewer behavior associated with high reactivity, such as distress. Low baseline 
cardiac activity was likewise correlated with hypersensitivity and a “vulnerability to disruption 
of homeostasis” (Huffman et. al., 1998, pg. 631). Researchers also found that infants who 
exhibited a decrease in cardiac vagal tone during the challenges were more easily soothed and 
smiled more frequently.  
The link between cardiac vagal tone and skills associated with executive function is also 
well supported by empirical research. A study by Suess, Porges, and Plude (1994) examined the 
relationship between cardiac vagal tone and children’s ability to sustain attention. Researchers 
found that the children who exhibited higher baseline levels of cardiac vagal tone performed 
better on the continuous performance task they were assigned to than children who had lower 
baseline levels. Another study by Hansen, Johnsen, and Thayer (2003) examined the effect of 
cardiac vagal tone on the performance of tasks related to executive function, including working 
memory, vs. tasks that did not relate to executive function skills. The researchers found that 
children who had higher levels of heart rate variability not only scored more correct answers on 
the task, but their mean reaction time was smaller and they had fewer inadvertent errors. 
Furthermore, the results indicated that vagal tone only predicted performance on the executive 
function related tasks, as there was no significant difference between children with high heart 
rate variability and those will low heart rate variability on non-executive function tasks.  
The psychological literature has suggested that cardiac vagal tone and its relationship 
with behavior should be viewed in a developmental context, so that over time RSA suppression 
might increase as self-regulatory behaviors are accumulated (Beauchaine, 2001). A study by 
Calkins and Keane (2007) examined the stability of vagal regulation of the heart (operationalized 
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in the study as respiratory sinus arrhythmia (RSA) over a series of challenges presented to 
children in preschool, who were tested twice approximately 2.5 years apart. The results indicated 
that levels of RSA suppression increased from children aged 2 years to children aged 4.5 years, 
supporting the theory that as children age, they accumulate more self-regulatory techniques to 
dampen initial levels of reactivity. The study also found that the children who scored the highest 
levels of RSA suppression had the lowest levels of temperamental reactivity, and as a result 
exhibited fewer behavioral problems and more social skills, both of which are associated with 
increased executive function. 
This literature review suggests that children who score high on measures of negative 
temperamental reactivity, particularly with anger, may find it difficult to develop strong 
executive function skills. However, it is also known from the literature that self-regulation may 
mitigate this relation such that the initial reactivity in a child can be suppressed. The ability of a 
child to self-regulate is highly associated with vagal tone and RSA suppression, in that high 
levels of RSA suppression indicate a well-functioning self-regulatory system in children, such 
that temperamental reactivity may be reduced and the expression of executive function skills 
increased.  
For the purposes of this study, we assume that there exists a naturally occurring 
variability in reactivity among children within the general population. The study measured the 
physiology of the heart as measured by vagal tone, operationalized as baseline sinus arrhythmia 
(RSA). This study predicted that baseline RSA would act as a mediating factor within the 
relationship between temperamental reactivity and executive function, such that the correlational 
coefficient between them would be reduced to zero (Figure 1).  
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To examine these hypotheses, we looked at data from the Durham Child Health and 
Development study, which observed children at 6 and 12 months of age, as well as additional 
laboratory visits when the children reached 60 months of age designed to assess individual 
differences in executive function. To measure the variables of interest to this study, we used 
maternal reports of their child’s negative temperament at 6-12 months, operationalized as their 
scores on the distress to limitations component of the Infant Behavior Questionnaire scale 
(Rothbart, 1981), and examined baseline cardiac vagal tone data obtained during laboratory visits 
at 6 and 12 months of age from the DCHD study. We also looked at executive function data 
evaluated in terms of working memory, inhibitory control, and flexible attention tasks in children 
at 60 months of age.  
 
Methods 
 
Participants 
Data for this study’s participants were taken from the Durham Child and Health 
Development study, a longitudinal study that began in August 2002. Over 200 families from 
various ethnic and economic backgrounds were enrolled in this study, beginning when the 
infants were 3-months-old. Researchers observed the children and their families at subsequent 
intervals of 6, 12, and 60 months of age. Subjects recruited for the purpose of the DCHD study 
were sampled to represent an approximately equal number of African American and European 
American families, with each group sampled in nearly equal proportions from low and more 
affluent socio-economic backgrounds. For the purposes of this study, researchers looked at 
composite scores for 6 and 12 month olds in distress to limitations and RSA baseline, and a 
composite score for executive function in children at 60 months of age. Families received fifty 
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dollars per visit for their participation in the study, though over time the children may have 
received some age-appropriate gifts as well. Children and families were only identified by code 
number to ensure confidentiality.  
 
Procedure 
 In the Durham Child Heath and Development study, parents of 6 and 12 month old 
subjects filled out the Infant Behavior Questionnaire designed to measure infant temperament. 
Researchers also recorded cardiac activity for 6 and 12 month old subjects to determine baseline 
RSA.  At 60 months of age, participants completed a single laboratory visit during which  a 
research assisstant directed the child through three tasks of executive function: the Day/Night 
task (Gerstadt et al., 1994), the Digit Span task (McCarthy, 1972), and the FIST (Jacques & 
Zelazo, 2001). The presentation order of these episodes was kept consistent across participants, 
and a two-minute break was provided between episodes. 
 
Measures 
Temperament 
 Temperament is defined as the sum of positive (surgency, smiling, laughter) and negative 
(fear, distress) reactivity as measured on Infant Behavior Questionnaire (IBQ) scales (Rothbart, 
1981). This test was designed for infants between 3 – 12 months of age. The items on the IBQ 
asked parents to rate the frequency of specific temperament-related behaviors observed over the 
past two weeks. 
 For the purposes of this study, we looked only at distress to limitations at 6 and 12 
months  of age, which Rothbart defined as the subjects’ fussing, crying or showing distress while 
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a) in a confining place or position; b) involved in caretaking activities; or c) unable to perform a 
desired action. We combined the data for 6-month and 12-month olds to create a composite 
distress to limitations score.  
 
Baseline RSA 
Cardiac data for 6 and 12 month olds was collected during the DCHD study by placing 
two disposable pediatric electrodes on the child’s chest while the infant was seated in an infant 
seat on a table next to the mother. The electrodes were connected to a preamplifier, the output of 
which was transmitted to a monitor configured to collect heart interbeat intervals (IBIs; Mini 
Logger 2000; Mini-Mitter Corp., Bend, OR) for R-wave detection. Once the electrodes were 
securely in place, an electronic signal was sent to the monitor to mark the start of a 2-minute 
baseline measure of IBI activity.  
Since artifacts are fairly common in cardiac data because of bodily movements, IBI files 
were edited using MXEdit software (Delta Biometrics, Bethesda, MD).  Data files that required 
editing of more than 10% of the data were not included in the current study.  Measures of 
respiratory sinus arrhythmia (RSA) were extracted using Porges’ (1985) method.  This procedure 
applies an algorithm to the sequential IBI data using a moving 21-point polynomial to detrend 
periodicities in heart period slower than RSA.  Then a band-pass filter extracts the variance of 
the IBIs within the frequency band of spontaneous respiration in children.  This estimate of RSA 
is derived by calculating the natural logarithm of this variance and is reported in units of 
ln(msec)2. We then combined the data for 6-month and 12-month olds to create a composite 
baseline RSA score. 
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Executive Function 
Participants at 60 months of age took part in three tasks designed to assess executive 
function skills. The first was an assessment of inhibitory control: the Day/Night task (Gerstadt, 
Hong, & Diamond, 1994). In the Day/Night task, participants were shown a series of cards that 
either had a sun in a blue sky or a moon in a black sky printed on them. When they saw the sun 
card they were instructed to say “night”, but when they saw the moon card they were expected to 
say “day”. This continued for 20 trials. 
For an assessment of working memory, participants then completed the digit span task 
from the McCarthy scales of children’s abilities (McCarthy, 1972). In the first phase of this task, 
the experimenter recited several series of digits, which the participants had to first repeat in 
order. In the second phase of this task, the participants were then given more series of digits, 
which they had to repeat backwards. Both phases started with 2 digits, and each phase continued 
until a series of 6 digits was reached, or until the participant made 2 consecutive errors.  
Lastly, participants completed the Flexible Item Selection Task (FIST, Jacques & Zelazo, 
2001), a test of set shifting or flexible attention. In each trial of this task, the participant was 
shown three cards that had figures of varying shapes, number, color, and size. For example, cards 
could show socks varying in length (short or long), color (blue or white), size (big or small), or 
number (one or two). The participant was instructed to pick a pair of cards that are “the same in 
one way”. Regardless of the pair chosen, these cards were the same on 3 of the 4 dimensions 
listed above. Then the participant was asked to select a pair of cards that were “the same but in a 
different way”. Having eliminated 3 of 4 dimensions of sameness with their previous choice of 
cards, the participant had to identify the pair of cards that were the same on the one remaining 
dimension. The FIST consisted of 12 trials. 
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The three measures of executive functions yield a small number of measures. The day/ 
 
night task of behavioral inhibition returns a proportion (out of a maximum of 20 trials) of correct 
 
trials. Each assessment (2 for the digit-forwards condition, and 2 for the digit-backwards 
 
condition) of the digit-span task produces a raw score (calculated as the sum of correct trials). 
 
The longest span of digits correctly recalled can also be calculated for each condition. Total 
 
scores for each selection of card-pairs across trials is calculated for the FIST as the sum of 
 
correct (i.e., matching) card selections, while average scores were calculated as the total score 
 
for each selection divided by the number of selections made. For the day/night task of behavioral 
 
inhibition, the proportion of correct trials (out of a maximum possible of 20 trials) was used as 
 
the dependent measure, as in previous studies of inhibition in young children (Gerstadt et al., 
 
1994; Hughes et al., 2010; Lengua et al., 2007). Although both the forwards and backwards 
 
conditions of the digit span tasks were administered, only the backwards condition requires that 
 
children mentally manipulate the digits, and thus only this condition is commonly considered to 
 
place demands on working memory (Baron, 2004; Garon et al., 2008). Therefore the longest 
 
span of digits correctly recalled was our dependent measure for the digit span task. For the 
 
FIST, only the second selection requires the child to shift attention (Garon et al., 2008), and 
 
therefore the average score for the second selection was used as our dependent measure. 
 
 
Results 
Table 1 presents the means and standard deviations for the three variables of interest to this 
research, including their inter-correlations. To test the hypothesis that a composite estimate of 
baseline RSA measured at 6 and 12 months of child age would mediate the relation of distress to 
limitations (a composite of 6 and 12 months) to executive function at 60 months of child age, a 
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regression analysis was computed in which step 1, executive function was regressed on RSA and 
distress to limitations, and in step 2, RSA was regressed on distress to limitation. As seen in 
Figure 2, the standardized beta estimates generated by this analysis showed a significant 
association between executive function and distress to limitation as well as between executive 
function and RSA. However, the relation between RSA and distress to limitation did not reach 
significance. The absence of this relation indicated that the mediation hypothesis stated above 
was not supported by the data. As summarized in Figure 3, this analysis could only confirm the 
existence of direct effects of both distress to limitation and RSA measured at 6 and 12 months on 
executive function measured at 60 months of child age. Note that the relation of these two 
variables to executive function is negative, showing that both higher levels of distress to 
limitation and higher levels of baseline RSA predict lower scores on measures of executive 
function at 60 months of child age. 
The nature of the DCHD study in which African American and European American 
children are represented in nearly equal proportion called for another regression analysis, in 
which the associations among the same variables was reexamined controlling for ethnicity. The 
results of this analysis are presented in Figure 3. As seen in this figure, there is a significant 
association between ethnicity and executive function. The direction of this association indicates 
that, as a group, African American children tend to score lower on 60 months estimates of 
executive function than European American children. Moreover, with ethnicity entered as a 
covariate in this analysis, the direct effect of distress to limitation on executive function is lost. 
The direct effect of the RSA composite on executive function remains, though the magnitude of 
this association is slightly reduced when ethnicity is controlled for. 
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We had no a priori hypotheses regarding the role that ethnicity may play in the initial 
mediation model. However, with so much of the variance in executive functions accounted for 
by ethnicity, the corresponding loss of a relation between distress to limitation, and the reduction 
of the direct effect of RSA on executive function, we wanted to examine in post-hoc analyses 
possible ethnic differences in the means of those two predictor variables. Separate one-way 
ANOVAs conducted for both distress to limitation and RSA at 6 and 12 months showed that in 
most cases African American children scored significantly higher than European American 
children. For distress to limitation at 6 months those means were 3.75 and 3.30, respectively, 
with a p-value for the between-group contrast of .001. The same contrast at 12 months yielded a 
nearly significant difference (AA = 3.83, EA = 3.58, p = .053). RSA at 6 months was also higher 
among African American children although this difference did not reach significance (AA = 
3.78, EA = 3.55, p = .204). The equivalent between-group contrast at 12 months, however was 
highly significant (AA = 3.95, EA = 3.38, p = .004). 
 
Discussion 
This study’s primary hypothesis, that vagal tone would fully mediate the correlation between 
temperamental reactivity and executive function, was not supported by the data. Though we did 
find that baseline RSA negatively predicts children’s executive function scores, and that 
temperamental reactivity also negatively predicts children’s executive function scores, the 
correlation between basal RSA and temperamental reactivity was not significant. Thus the lack 
of significance in this third branch of the mediator model did not support our initial hypothesis. 
When ethnicity was added as a fourth variable in a model that only included direct effects, we 
found that though baseline RSA still negatively predicted children’s executive function scores, 
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temperamental reactivity no longer did. This second analysis showed that African American 
subjects tend to score lower on executive function scores compared to European American 
subjects. 
A possible reason why African American subjects scored lower on executive function 
tasks than their European American counterparts may be that as a group, African American 
children are exposed to higher levels of risk over the early years of development than European 
American children. Previous studies have shown that children who experience harsher parenting 
have higher baseline RSA (Hastings, et. al. 2008), and that harsher parenting is more likely to be 
observed in African American family units that live in low socio-economic environments 
(Cheadle & Amato, 2011). Additionally, Conradt, Measelle, and Ablow (2013) recently found 
that infants with low baseline RSA exhibited few behavioral problems regardless of the 
environment that they were raised in. Conversely, infants with a high baseline RSA exhibited 
even fewer behavioral problems, but only when they were raised in an environment that featured 
high security and sensitivity. Infants with a high baseline RSA raised in risky environments 
exhibited many more behavioral and temperamental problems, the implication being that young 
children living in poverty are much more likely to have higher temperamental reactivity and a 
higher baseline RSA. Although we did not have specific hypotheses from the outset on the effect 
of ethnicity on executive function and its predictor variables, we examined in post-analyses its 
effects on variance conducted for both predictors at each of the child ages considered in the 
present study. The results of these analyses were well in line with the literature referred to in this 
paragraph, in that both distress to limitation and baseline RSA are higher among African-
American than European-American children, with between-group differences significant or 
nearly significant for both variables at one or both of the age groups considered. With reference 
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to the differential susceptibility hypothesis proposed by Pluess & Belsky (2009), Ellis & Boyce 
(2011) have suggested that this differential susceptibility may be manifested at three levels—the 
genetic, physiological, and behavioral. With respect to the third level, these authors have 
provided ample evidence showing that the temperamental trait of negative emotionality (e.g., 
difficultness, anger) can be regarded as such an index of differential susceptibility to context. As 
the theory goes, infants and children who exhibit this negative emotionality develop in a way that 
shows they are much more susceptible to environmental effects in a "for better or for worse" 
manner. The authors further explain that there are many reasons to believe that natural selection 
should favor the maintenance of a differential susceptibility to context, especially when the 
environment is unpredictable and likely to vary over the course of individual development. In 
this way, those individuals more susceptible to environmental effects may actually gain more in 
fitness, given favorable circumstances, than less susceptible individual under similar 
circumstances. 
In the same vein, and here with reference to physiological reactivity, it has been recently 
suggested by Conradt, Measelle, and Ablow (2013) that a high RSA may be regarded as an index 
of higher susceptibility to environmental conditions, wherein the same individual attributes that 
make some individuals disproportionately susceptible to adverse environments also make them 
disproportionately likely to benefit from supportive ones. Specifically, these authors reported 
that infants with low baseline RSA exhibited few behavioral problems regardless of the 
environment that they were raised in. Conversely, infants with a high baseline RSA exhibited 
even fewer behavioral problems, but only when they were raised in an environment that featured 
high security and sensitivity. Infants with a high baseline RSA raised in disorganized, risky 
environments exhibited many more behavioral and temperamental problems, the implication 
20 
REACTIVITY, EXECUTIVE FUNCTION, & VAGAL TONE 
being that young children living in poverty are much more likely to have higher temperamental 
reactivity and a higher baseline RSA. When encountered under strained familial conditions, a 
combination of child variables of this sort may likely promote harsher parenting practices, and 
ultimately compromise the organization of executive function through development. 
Evolutionarily speaking, the effects of high temperamental reactivity are bivalent, not 
univalent (Boyce & Ellis, 2005), suggesting that heightened reactivity may indicate “an 
increased biological sensitivity to context” wherein high-risk environments result in adverse 
psychological and physical health while low-risk, supportive environments may increase health. 
In another recent article on differential susceptibility to environment, Pluess & Belsky (2011) 
surmised that this susceptibility may also be prenatally programmed, especially when 
susceptibility genes are carried by fetuses whose prenatal environment suggest maternal stress 
and thus a possibly harsh postnatal environment. Here it is worth noting with Propper et al. 
(2007) and Mills-Koonce et al. (2008) that in the DCHD sample, African American children are 
more likely than European children to be carriers of genetic polymorphisms that, according to 
theory, confer greater susceptibility to environmental effects. Thus, African American children in 
the DCHD sample would exhibit greater sensitivity to context than European American children 
at all three levels in which such susceptibility may be examined: the genetic, physiological, and 
behavioral. 
So far in this discussion we referred to the differential susceptibility hypothesis as a 
possible explanation for the fact that African American children, as shown in post-hoc analyses, 
score higher on distress to limitation and baseline RSA as measured at 6 and 12 months of child 
age. Our second regression analysis, in which only direct effects of distress to limitation and 
baseline RSA were observed, showed that higher values on either predictor led to lower scores 
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on executive function at 60 months of child age. Moreover, when ethnicity was entered as a 
covariate in a third regression analysis, it became clear that the direct effects obtained in the 
second analysis were largely due to high values on those two predictors among African 
American children. Does this mean that most of those children do not encounter the kind of 
beneficial environment that would bolster their greater susceptibility to environmental effects, as 
opposed to dampening the consolidation of higher executive function? Possibly so, as suggested 
by findings by Holochwost (UNC dissertation in progress) that show African American children 
to be disproportionately represented in the highest tiers of a measure of exposure to cumulative 
environmental risk over infancy and childhood. Thus the effect of residing for the most part in 
environments of higher risk than that encountered by their European American counterparts, and 
the fact that this bias in the DCHD study appears to drive a large proportion of the variance 
among predictors and outcome, may explain the present results. 
Limitations and future directions. With regard to the hypothesis our study was set to 
examine, perhaps its most important limitation was that the Durham Child Health and 
Development study is uniquely composed of an equal proportion of African American and 
European American children. Whereas African Americans account for 12% of the population as 
a whole, in this study, they represented more than half of the entire sample. Such a sample 
structure is sure to impose on any analysis a strong effect of ethnic differences, a result one 
should expect given the striking differences in both the historical background and the current 
conditions experienced by blacks and whites in the US. 
Future research aimed at testing the hypothesis that drove the current set of analyses may 
either use an "at large sample" in which ethnic effects would not be as prominent, or further 
explore those same ethnic effects from the standpoint of the differential susceptibility hypothesis. 
22 
REACTIVITY, EXECUTIVE FUNCTION, & VAGAL TONE 
Of note, not all African American families in the DCHD sample do reside on the far end of risk 
and disadvantage. In fact, the DCHD sample was recruited with the explicit purpose of 
disentangling effects of ethnicity and socioeconomic disadvantage on child development. Thus, 
it would be worthwhile to re-examine the hypothesis that motivated this study by contrasting 
ethnic groups that reside either at the low or the far end of experiential risk, with the goal of 
examining whether such a comparison would yield support for the differential susceptibility 
hypothesis, and if so, if there is a group for which the “for the better or for worse” contention 
works best.  
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Appendix 
 
 
Table 1: Descriptive statistics and correlations 
 
Variable N M(SD) Bivariate Correlations 
   1 2 3 
RSA 
Composite 
152 3.69(0.94) - 0.04 -0.13 
DTL 
Composite 
145 3.64(0.83) - - -0.21 
Executive 
Functions 
Composite 
275 0.01(0.73) - - - 
 
 
 
 
Table 2: 
 
Variables 
 
Correlation (r) p-value 
RSA on Executive Function 
 
-0.306 0.001 
Distress to Limitations on 
Executive Function 
-0.163 0.045 
RSA on  
Distress to Limitations 
0.126 0.111 
 
 
 
 
Table 3: 
 
Variables 
 
Correlation (r) p-value 
Ethnicity on  
Executive Function 
0.247 0.004 
Distress to Limitations on 
Executive Function 
-0.110 0.179 
RSA on  
Executive Function 
-0.219 0.026 
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Figure 1: 
 
 
 
 
 
 
 
Figure 2: 
 
 
*Solid lines indicate significant results or p<0.05 
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Figure 3: 
 
 
*Solid lines indicate significant results or p<0.05 
 
 
 
Figure 4:  
 
 
*Solid lines indicate significant results or p<0.05 
** AA= African American 
***EA= European American 
 
